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Abstract 
 
Objectives: Differences in facial height and breadth between Okinawa Islanders and 
mainland Japanese have been reported in previous craniometric and somatometric 
studies. This study using three-dimensional (3D) images aimed to identify more 
detailed characteristics of facial morphology in each population. 
Methods: Using a hand-held 3D scanner, we obtained 60 facial surface images each 
from Okinawa Islanders and mainland Japanese. Twenty-one landmarks were plotted 
on a computer and 27 measurements of distances and angles between the landmarks 
were taken. Statistical analyses such as t test, principal component analysis (PCA), 
regression analysis, and discriminant analysis were performed to identify sex and 
regional differences, the patterns of facial features, factors explaining the facial 
patterns, and other features. 
Results: Okinawa Islanders showed lower facial and nasal heights than mainland 
Japanese. Furthermore, we identified larger protrusions of the glabella and nasal root in 
Okinawa Islanders than in mainland Japanese. In the PCA, we observed components of 
facial shape patterns. These components mainly represented facial size (PC1), facial 
depth (PC2), the prominence of the glabella and nasal root (PC3), and facial breadth 
(PC4). We identified that the population difference is strongly associated with PC3. 
Conclusions: This study quantitatively identified differences in the facial morphology 
between Okinawa Islanders and mainland Japanese using 3D digital images, with 
special emphases on the differences in the nasal height and the prominence of the 
glabella and nasal root. 
 
Key words: facial morphology, three-dimensional images, Okinawa Islanders, 
mainland Japanese 
Page 2 of 32
John Wiley & Sons
American Journal of Human Biology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
3 
 
Introduction 
 
Human facial morphology is a subject that attracts general interest. We identify 
individuals predominantly by face and recognize even small facial differences. 
Furthermore, we primarily judge the attractiveness of an individual by their face. 
Facial variation and its recognition are important for understanding human social 
behaviors. 
We also find regional/population differences in facial features. It has classically 
been considered that the differentiation of facial morphology among populations was 
caused by adaptations to the environment such as climate (Hylander, 1977; Steegmann 
et al., 2002), while the adaptive significance of facial variation is not fully understood. 
Alternatively, it has been hypothesized that assortative mating triggered the facial 
differentiation among populations (Penton-Voak et al., 1999; DeBruine et al., 2010; 
Little et al., 2011). However, the possibility remains that facial shapes diversified 
under neutrality. 
A number of studies have investigated the craniofacial morphology of Japanese. In 
studies on ancient bones, researchers have found many morphological differences 
between prehistoric Japanese populations. Indigenous hunter-gatherers of the Japanese 
archipelago in the Jomon period (approximately from 16,000 to 2,500 BP) (Habu, 
2011) retained cranial characteristics of the Paleolithic Asians even in the Neolithic age 
(Hanihara, 1991; Kamminga, 1992; Brace et al., 2001). In contrast, rice-farming 
people who migrated from the Asian continent, probably via the Korean peninsula, to 
the Japanese archipelago at the beginning of the Yayoi period had similar features as 
the Neolithic Chinese. Crania of Jomon people displayed low facial height, square 
orbit, and small teeth, whereas crania of Yayoi migrants possessed wholly large and 
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flat features with large facial height, round orbits, and large teeth (Suzuki, 1981; Brace 
and Nagai, 1982; Yamaguchi, 1982; Brown, 1999; Ishida, 1992; Doi, 2003; Hanihara 
and Ishida, 2009). 
Regional differences in craniofacial morphology have also been observed within 
present-day people of the Japanese archipelago. People in mainland Japan have similar 
cranial characteristics to Yayoi migrants, whereas the Ainu living in Hokkaido, the 
northernmost part of Japan, and people in the Ryukyu Islands, the southernmost part of 
Japan, relatively retain cranial features of the Jomon people (Hanihara, 1991; 
Watanabe et al., 2004), although there were some differences between the two present 
populations (Miyake, 1940; Suda, 1950; Pietrusewsky, 1999, 2004; Dodo et al., 2000). 
These facts have provided supporting evidence for the “Ainu-Ryukyu common origin” 
(von Baelz, 1911) and “dual structure model” (Hanihara, 1991) hypotheses regarding 
the population history of the Japanese. These hypotheses argue that regional 
differences in physical characteristics were caused by the varying rates of intermixture 
between the Jomon people and the Yayoi migrants, which have also been supported by 
genetic studies (Omoto and Saitou, 1997; Yamaguchi-Kabata et al., 2008; HUGO 
Pan-Asian SNP Consortium, 2009; Koganebuchi et al., 2012; Japanese Archipelago 
Human Population Genetics Consortium, 2012). 
Supposing that the characteristics of the Ainu and the Ryukyuans are related with 
those of the Jomon people, studies on these present populations can further our 
knowledge about the Jomon people. Studies on living people will qualitatively and 
quantitatively compensate for the limited information obtained from excavated ancient 
bones, especially on characteristics in soft tissues. Based on somatometric 
measurements, it has been revealed, for example, that the Ryukyuans have shorter 
stature, lower facial height, lower nasal height, and broader face than mainland 
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Japanese (Suda, 1940; Naito, 1976). However, such classic morphological studies 
examined only a limited number of measurements since they relied on direct 
measurements of distances and angles between physical landmarks using an 
anthropometer and a goniometer (Knussmann, 1988; Farkas et al., 2005). 
Recent advances in imaging technology allow three-dimensional (3D) images to 
be captured from an object and analyzed on a computer (Mori et al., 2003). 
Morphological analyses based on 3D images can easily increase the number of 
landmarks and measurements without inconveniencing the subjects (Ferrario et al., 
2005; Toma et al., 2012; Vezzetti and Marcolin, 2012). In this study, to identify 
respective facial characteristics of mainland Japanese and Okinawa Islanders, we 
captured facial surfaces using a 3D digital scanner and analyzed in detail the facial 
morphology of these populations. 
 
 
Materials and Methods 
 
Subjects 
We collected facial data from 120 adult volunteers living on Okinawa Island, one 
of the main Ryukyu Islands. For each sex, 30 individuals of mainland Japanese origin 
and 30 individuals of Okinawa Island origin were selected. In this study, mainland 
Japanese and Okinawa Islanders are defined as individuals whose four grandparents 
were all born in mainland Japan and on Okinawa Island, respectively (Table 1). The 
ages of the subjects ranged from 19 to 37 years, and the mean ages of the four groups 
ranged from 22 to 24 years. Mainland Japanese were significantly taller than Okinawa 
Islanders. This study was approved by the ethics committee of the University of the 
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Ryukyus. All subjects provided written informed consent to participate in this research 
project. 
 
Scanning facial 3D images 
Facial surface 3D images were acquired using a hand-held 3D digital scanner 
(Z-Scanner® 700CX, Z Corporation). The scanning resolution is 0.1 mm in height, 
width, and depth, and the accuracy of scanned data is up to 0.05 mm. During scanning, 
the subjects wore a board with reflective targets while in a sitting posture, and were 
asked to display a neutral facial expression with the eyes closed and the teeth occluded. 
The scanning of the facial surface took approximately 2 min. 
 
Image data processing 
We used image analysis software (Geomagic Qualify11, Geomagic) to process the 
3D image data. After filtering noise and filling holes in the surface image data, 21 
landmarks were manually plotted on the facial surface, as shown in Table 2 and Figure 
1. These landmarks followed those defined by Martin (Knussmann, 1988). The 14 
bilateral landmarks include the entocanthion (En) and ectocanthion (Ex) on the eyelids, 
the zygion (Zy) and condylion laterale (Cdl) on the cheeks and near the ears, the alar 
curvature (Ac) on the nose, the chellion (Chl) on the mouth, and the gonion (Go) on 
the jaw. The seven landmarks were the glabella (G), sellion (Se), pronasale (Prn), 
subnasale (Sn), labrale superius (Ls), labrale inferius (Li), and supragnathion (Sgn) on 
the mid-sagittal plane. We also obtained the midpoint of bilateral Ens, Acs, and Cdls as 
En(m), Ac(m), and Cdl(m), respectively. 
After the coordinates of the landmarks were obtained, distances between two and 
angles between three representative points were measured (Figure 2). To observe the 
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ruggedness of landmarks on the mid-sagittal plane, we defined a reference plane (RP) 
using three points, the right Ac, left Ac, and En(m), and calculated distances between 
the RP and each mid-sagittal landmark (Figure 2f). A total of 27 measurements were 
obtained (Table 3). 
 
Statistical analyses 
Sex and population differences were examined by Student’s t test and Welch’s t 
test after equality of variances were confirmed. To combine the results of separate tests 
for each sex, meta-analysis using the inverse variance method was performed. The 
level of statistical significance was set at P < 0.05. In addition, correction for multiple 
testing was done using the Benjamini–Hochberg method with a false discovery rate 
(FDR) < 0.1 or < 0.05. Principal component analysis (PCA) was carried out using the 
standardized 27 measurements as variables to characterize the pattern of facial features. 
Multiple regression analysis was also used to understand which variables (sex, region, 
body height, and body mass index [BMI]) explain facial features. Furthermore, 
discriminant analysis based on the 27 variables or variables selected by the stepwise 
method was performed, and the discrimination accuracy was evaluated with and 
without leave-one-out cross-validation. Statistical analyses were conducted using Excel 
2007 (Microsoft Office for Windows®) and IBM SPSS statistics 19 (SPSS Inc.). 
 
 
Results 
 
Sex differences 
Table 3 summarizes the results of measurements for each region for each sex. All 
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the distance measurements except for the Ls-RP, Li-RP, and Sgn-RP were larger in 
males than in females at P < 0.05. Meanwhile, the angles of G-Se-Prn and En-Se-En 
were larger in females than in males. 
 
Differences between Okinawa Islanders and mainland Japanese 
In both sexes, Okinawa Islanders had a smaller facial height (G-Sgn) than 
mainland Japanese at P < 0.05 (Table 3). Especially, the nasal height (Se-Sn) showed a 
remarkable difference. The height of the lower face (Sn-Sgn) was smaller in Okinawa 
Islander females than in mainland Japanese females. Okinawa Islander females also 
had a smaller depth at En(m)-Cdl(m). In contrast, Okinawa Islanders had greater G-RP 
and Se-RP distances than mainland Japanese in both sexes. The distances from RP to 
mid-sagittal landmarks below Prn (Prn-RP, Sn-RP, Ls-RP, Li-RP, and Sgn-RP) were 
not different between Okinawa Islanders and mainland Japanese. 
The meta-analysis combining the results for different sexes showed that, in 
addition to the aforementioned measurements, population differences at P < 0.05 were 
observed in Ex-Ex, Go-Go, G-Se-Prn, En-Se-En, and Ac(m)-Se-Prn (Table 3). After 
the correction for multiple testing by the Benjamini–Hochberg method with FDR < 0.1, 
eight measurements, G-Sgn, Se-Sn, Sn-Sgn, Ex-Ex, En(m)-Cdl(m), G-RP, Se-RP, and 
En-Se-En, were significantly different between the populations (Table 3). With FDR < 
0.05, however, only four measurements, G-Sgn, Se-Sn, G-RP, and Se-RP, showed 
statistically significant differences. 
 
Facial patterns observed by PCA 
The results of PCA are shown in Table 4. The eigenvalues from the first to the 
seventh principal components (PCs) exceeded 1.0, and the seven PCs accounted for 
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79.6% of the total variance. 
PC1 (eigenvalue, 7.8; contribution, 28.9%) was positively associated with facial 
heights, breadths, and depths (Figure 3), and thus can be interpreted as a size-related 
component. Since males have a larger face than females, PC1 also represented sex 
differences (Figure 4a). The angles of the G-Se-Prn and En-Se-En, which were larger 
in females than males, were negatively associated with PC1. 
PC2 (eigenvalue, 3.8; contribution, 14.0%) was associated positively with the 
relative protrusion of the lower face that was indicated by Sn-RP, Ls-RP, Li-RP, and 
Sgn-RP, and negatively with the depth of the upper face, En(m)-Cdl(m) and 
Ac(m)-Cdl(m) (Figure 3). This result suggests that PC2 represents the variation in the 
upper and lower facial depths. Individuals with relatively small Ac(m)-Cdl(m) 
essentially have a protruded lower face and also have an anteverted RP because of the 
position of Acs (Figures 5a and b); these factors together will yield large values of 
Sn-RP, Ls-RP, Li-RP, and Sgn-RP. Moreover, PC2 was related to the shape of the nasal 
root; PC2 was correlated with a lower position of Se (i.e., larger G-Se and smaller 
Se-Sn) as well as with a greater concavity of the nasal root (smaller G-Se-Prn). Using 
all the individuals, we confirmed that G-Se/G-Sn is negatively correlated with 
Se-RP/G-RP (r = 0.361, p = 5.05E-05) (Figure 5c). 
PC3 (eigenvalue, 3.1; contribution, 11.4%) was associated with a smaller 
protrusion of the upper face, especially at G-RP and Se-RP, and a larger angle of 
En-Se-En (Figure 3). As the univariate comparisons indicated (Table 3), these 
measurements were largely different between the populations. Figure 4b shows that 
Okinawa Islanders had, on average, small PC3 scores compared with mainland 
Japanese. 
PC4 (eigenvalue, 2.5; contribution, 9.4%) was associated with the facial breadth 
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(Table 4). As for PC5 and higher PCs, however, it is difficult to give a concise 
interpretation since these PCs can include statistical artifacts generated after the 
extraction of lower PCs. 
 
Factors associated with facial patterns 
Multiple regression analysis for each of PC scores was performed to identify 
factors associated with PCs. We took into account sex (male = 0; female = 1), 
population (mainland Japanese = 0; Okinawa Islander = 1), body height, and BMI as 
explanatory variables. The results are summarized in Table 5. The PC1 score showed a 
negative correlation with sex and positive correlations with body height and BMI. The 
PC2 score was not related with any variables. The PC3 score was significantly 
associated with being female and mainland Japanese and higher BMI, while PC4 and 
PC5 were sex-related components. The population was also associated with the PC6 
and PC7 scores. 
 
Prediction of population membership by facial morphology 
Discriminant analyses using the 27 measurements were performed to see whether 
these data can predict the population membership of individuals. The analyses were 
done for three types of data sets: all (males and females combined), males, and females. 
When all 27 measurements were included as variables, we obtained 80.0–91.7% 
accuracies without cross-validation (Table 6). However, the cross-validation accuracies 
decreased to 55.0–70.8%. This suggests that the increased accuracies without 
cross-validation were due to overfitting. When discriminant analyses were done using 
the stepwise method, only two variables, Se-Sn and G-RP, were selected in all three 
data sets, and the accuracies without cross-validation (70.0–80.0%) were comparable 
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to the cross-validation accuracies (66.7–80.0%). Under cross-validation, the prediction 
using the two variables was more accurate than that using the 27 variables. These 
results indicated that Se-Sn and G-RP are good indicators for discriminating Okinawa 
Islanders from mainland Japanese. 
 
 
Discussion 
 
Our 3D facial measurements clearly demonstrated that Okinawa Islanders have 
lower facial and nasal heights (G-Sgn and Se-Sn) than mainland Japanese, as reported 
in previous somatometric studies (Suda, 1940; Naito, 1976). These characteristics have 
also been emphasized in several craniometric studies (Hsu, 1948; Ikeda, 1974; Fukase 
et al., 2012). We observed that the angle of Ac(m)-Se-Prn is larger in Okinawa 
Islanders than in mainland Japanese but that the nasal prominence (Prn-RP) is not 
much different between the populations. Therefore, the difference in Ac(m)-Se-Prn is 
likely to be due to the difference in the nasal height. 
A previous somatometric study has shown that Okinawa Islanders have a broader 
bizygomatic breadth than mainland Japanese from Kyusyu (Naito, 1976). In studies of 
early modern crania, it has also been reported that the bizygomatic, biorbital, and 
mandibular breadths are broader in crania from the Okinawa Islands than those from 
mainland Japanese (Hsu, 1948; Fukase et al., 2012). Therefore, a broad face has 
generally been considered to be a characteristic of Okinawa Islanders. However, the 
present study demonstrated that Okinawa Islanders have significantly narrower Ex-Ex 
and Go-Go than mainland Japanese. We also observed a similar tendency at Zy-Zy, 
although the difference is not significant. We are currently unable to specify the reason 
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for this discrepancy between previous and present studies. Variations in facial breadth 
have been observed within the population on Okinawa Island; people from the 
southern part of the island have a narrower face than people from the northern and 
middle parts (Naito, 1976). Such a regional difference on the island and/or a secular 
change may be involved. 
The present study indicated that notable characteristics of Okinawa Islanders are 
prominent glabella and nasal root (G-RP, Se-RP, and En-Se-En). The prominent 
glabella and nasal root can be caused by the receding medial angles of the eyes since 
Okinawa Islanders have a smaller En(m)-Cdl(m). It has been reported that the 
Ryukyuans tend to have smaller eyeballs (Tomoyose et al., 2010), which would shift 
the medial angles of the eyes backwards. Considering these points, Okinawa Islanders 
can be regarded as having a well-defined and less flat upper face compared with 
mainland Japanese. 
Dodo et al. (2000) argued that the Ryukyuans including the Amami, Okinawa, and 
Sakishima Islanders have a flatter facial skeleton than the Jomon, modern mainland 
Japanese, and the Ainu, based on three indices (i.e., subtense/chord) at the frontal, 
simotic, and zygomaxillary regions used to evaluate transverse flatness (Yamaguchi, 
1973). However, Fukase et al. (2012) recently pointed out that Ryukyuan faces are not 
flat from the lateral view when compared with mainland Japanese faces. Although the 
Jomon and the Ainu have a larger simotic subtense, i.e., more prominent nasal root, 
than mainland Japanese and the Ryukyuans, the difference in the simotic index 
between mainland Japanese and the Ryukyuans is likely to result from the larger 
simotic chord in the Ryukyuans than in mainland Japanese (Yamaguchi, 1973; Dodo et 
al., 2000; Hanihara, 2000; Fukase et al., 2012). Consequently, Okinawa Islanders have 
a broader nasal bone and simultaneously larger depth from the eye to the nasal root 
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than mainland Japanese. 
In the PCA, we observed components of facial shape patterns. These components 
mainly represented facial size (PC1), facial depth (PC2), the prominence of the 
glabella and nasal root (PC3), facial breadth (PC4), and so on. As a facial shape pattern, 
we also found a correlation between the vertical and horizontal positions of Se; as the 
concavity of the nasal root becomes greater, the position of Se becomes lower. We 
identified that population difference is associated with PC3, PC6, and PC7, and that 
other factors such as sex, height, and BMI also influence facial patterns. Interestingly, 
PC2 did not have any relation with sex and body size. This may imply that the 
morphological variation represented by this component may be predominantly 
determined by genetic factors. 
Recent rapid development of genomic technology has enabled the identification of 
genetic factors that contribute to physical traits. However, despite high heritability of 
facial characteristics (Nakata et al., 1974, Kau et al., 2005), only a few genetic variants 
have been identified to be associated with the facial morphology in genome-wide 
association studies (Paternoster et al., 2012; Liu et al., 2012). In these studies, one of 
the reliable associations has been observed at single nucleotide polymorphisms (SNPs) 
on the paired box 3 (PAX3) gene, which plays critical roles during fetal development. 
These SNPs on PAX3 are associated with the position of the nasion (sellion) relative to 
the midentocanthion. The present study also found a large variation in the position of 
the sellion. In the Japanese populations, the same genetic variants may be associated 
with this trait. 
Meanwhile, a number of studies have demonstrated genetic differentiation 
between mainland Japanese and the Ryukyuans (Horai et al., 1996; Yamaguchi-Kabata 
et al., 2008; HUGO Pan-Asian SNP Consortium, 2009; Matsukusa et al., 2010; 
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Koganebuchi et al., 2012; Japanese Archipelago Human Population Genetics 
Consortium, 2012). The differences in craniofacial characteristics between the 
populations are likely to be caused by the differences in the frequencies of causal 
genetic variants. It has been revealed that a nonsynonymous variant in the 
ectodysplasin A receptor (EDAR) gene, which is associated with several traits 
including hair and tooth morphologies (Fujimoto et al., 2008a, b; Kimura et al., 2009; 
Park et al., 2012; Kamberov et al., 2013; Tan et al., 2013), shows highly different 
frequencies between mainland Japanese and the Ryukyuans (Yamaguchi-Kabata et al., 
2008). Therefore, the EDAR variant is one of the candidates possibly associated with 
facial characteristics differentiated between the two populations. Further genetic 
analyses are needed to elucidate genotype–phenotype associations and genetic factors 
explaining facial characteristics in each population. 
This study quantitatively identified differences in the facial morphology between 
Okinawa Islanders and mainland Japanese using 3D digital images, with special 
emphases on the differences in the nasal height and the prominence of the glabella and 
nasal root. These measurements can efficiently distinguish between the two 
populations. However, the present study was based only on landmarks and discarded a 
lot of other information contained in facial surface images. Therefore, more detailed 
3D morphological analyses utilizing a large number of surface points are required to 
fully grasp the differences in facial features of individuals and populations. One of the 
solutions will be to apply homologous modeling in which semi-landmarks homologous 
among different faces are generated (Cheung et al., 2011; Hammond and Suttie 2012; 
Luximon et al., 2012). Such analysis of complicated 3D facial shapes will contribute to 
future studies on facial variation not only in anthropology but also in other scientific 
fields such as genetics, developmental biology, cognitive science, and human 
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Table 1. Characteristics of the study participants. 
 
    Male       Female   
  
Mainland  
Japanese 
Okinawa 
Islanders 
P-value   
Mainland  
Japanese 
Okinawa 
Islanders 
P-value 
N 30 30   30 30  
Age 23.7 22.3 -  24.4 22.4 - 
 (20~32) (19~28)   (20~37) (19~36)  
Body Height±SD 171.4 ± 5.1 168.6 ± 4.3 2.5E-02  159.4 ± 4.8  156.2 ± 4.3 8.5E-03 
         (cm) (158.6~182.4) (160.0~176.1)   (148.5~169.5) (145.7~164.5)  
Body Weight±SD 65.8 ± 7.1  63.6 ± 6.8  0.23   53.2 ± 8.5  51.9 ± 5.9  0.48  
          (kg) (51.0~83.6) (44.5~77.0)   (42.6~85.3) (39.2~62.1)  
BMI±SD 22.4 ± 2.3 22.4 ± 2.3  0.95   20.9 ± 2.6  21.3 ± 2.3  0.50  
  (18.6~29.4) (17.4~27.8)     (17.1~30.8) (16.9~25.1)   
Ranges are shown in the parentheses. Bold: P < 0.05. 
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Table 2. Abbreviations of landmarks. 
 
Part Abb. Landmarks M or R/L  
Forehead G Glabella M 
 Se Sellion M 
Eyes En Entocanthion R/L 
 Ex Ectocanthion R/L 
Nose Prn Pronasale M 
 Sn Subnasale M 
 Ac Alar curvature R/L 
Cheeks  Zy Zygion R/L 
 Cdl Condylion laterale R/L 
Mouth Chl Chellion R/L 
 Ls Labrale superius M 
 Li Lablare inferius M 
Chin Sgn Supragnathion M 
Jaw Go Gonion R/L 
M: Midline; R: Right; L: Left.  
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 Table 3. Regional differences of facial measurements. 
 
Measurements 
Male   Female Combined 
Regional 
Difference 
Mainland  
Japanese 
Okinawa 
 Islanders 
Regional 
Difference  
Mainland  
Japanese 
Okinawa 
 Islanders 
Regional 
Difference 
Mean SD Mean SD P-value   Mean SD Mean SD P-value P-value 
Height 1 G-Se 21.0 3.6 21.2 2.3 0.84   20.1 3.6 19.6 2.9 0.57 0.80 
 2 G-Sgn 140.0 7.9 135.9 5.4 2.4E-02 
 
133.5 6.6 128.3 5.7 1.9E-03 1.5E-04 
 3 Se-Sn 53.7 2.2 50.0 3.5 1.0E-05 
 
50.3 2.6 47.8 3.1 1.2E-03 6.0E-08 
 4 Sn-Sgn 67.7 5.8 66.7 4.2 0.46 
 
65.2 4.5 62.7 3.9 2.6E-02 3.6E-02 
Breadth 5 En-En 40.4 3.4 40.3 3.1 0.91 
 
39.1 2.2 39.4 2.6 0.55 0.74 
 6 Ex-Ex 99.7 4.3 97.8 4.5 0.09 
 
97.9 4.5 95.8 4.3 0.06 1.2E-02 
 7 Zy-Zy 149.4 5.6 147.9 6.7 0.34 
 
143.4 5.3 143.0 5.0 0.75 0.37 
 8 Cdl-Cdl 151.9 5.4 151.1 6.8 0.62 
 
143.4 5.0 142.1 5.5 0.36 0.32 
 9 Ac-Ac 39.1 2.2 38.2 2.3 0.14 
 
36.2 2.1 36.2 2.1 0.90 0.26 
 10 Chl-Chl 47.2 3.0 47.3 2.9 0.90 
 
43.7 3.4 44.0 3.8 0.75 0.75 
 11 Go-Go 123.8 8.8 120.9 7.7 0.18 
 
115.0 5.5 111.9 7.7 0.08 2.8E-02 
Depth 12 En(m)-Cdl(m) 81.4 4.5 80.6 3.7 0.45 
 
80.1 3.2 77.8 4.1 2.3E-02 3.3E-02 
 13 Ac(m)-Cdl(m) 84.8 4.4 84.8 5.0 1.00 
 
81.0 4.4 79.6 3.9 0.20 0.37 
 14 Ls-Cdl(m) 104.8 4.7 104.6 5.2 0.86 
 
98.0 5.8 96.9 4.2 0.40 0.47 
 15 Sgn-Cdl(m) 118.2 5.6 117.7 6.6 0.75 
 
110.8 7.9 109.4 5.8 0.43 0.43 
 16 G-RP 14.8 2.3 17.8 1.7 5.0E-07 
 
11.0 2.1 12.7 2.1 2.0E-03 1.2E-08 
 17 Se-RP 9.3 1.7 10.8 1.8 1.2E-03 
 
6.6 1.6 7.6 1.7 2.7E-02 1.2E-04 
 18 Prn-RP 25.7 2.1 25.0 2.2 0.21 
 
22.1 1.9 22.3 1.9 0.70 0.54 
 19 Sn-RP 9.7 2.2 9.4 1.6 0.56 
 
8.0 1.7 8.0 1.4 0.99 0.69 
 20 Ls-RP 11.2 2.9 11.0 2.5 0.72 
 
10.2 2.4 10.6 2.2 0.48 0.80 
 21 Li-RP 5.2 4.7 4.8 3.8 0.73 
 
5.9 2.9 5.6 3.6 0.66 0.58 
 22 Sgn-RP -14.5 7.4 -14.4 5.2 0.92 
 
-13.1 6.2 -11.9 6.6 0.48 0.57 
Angle 23 G-Se-Prn 143.4 6.1 141.2 6.2 0.16 
 
145.4 5.0 143.5 4.9 0.15 4.5E-02 
 24 En-Se-En 125.4 8.7 121.1 8.2 5.6E-02 
 
134.8 8.6 132.2 8.4 0.24 2.9E-02 
 25 Gonial angle 128.0 4.6 128.1 5.9 0.90 
 
127.7 4.9 127.2 4.2 0.68 0.84 
 26 Ac(m)-Se-Prn 32.5 2.8 33.6 3.5 0.20 
 
30.2 2.6 31.7 3.1 5.3E-02 2.3E-02 
  27 Cdl-Se-Cdl 79.6 3.0 79.0 2.9 0.44   78.7 2.5 79.1 3.5 0.55 0.89 
(m): middle point between right and left of the landmarks. Protrusion of X from Reference Plane (RP), 
which can take negative values (16-22). Bold: P < 0.05. Abbreviations are listed in Table 2. 
Measurements are shown in Figure 2. 
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Table 4. Principal components and loadings of measurements. 
 
Measurements PC1 PC2 PC3 PC4 PC5 PC6 PC7 
Height G-Se 0.27  0.22  0.35  0.03  0.56  0.12  0.30  
 G-Sgn 0.65  0.00  0.29  -0.43  0.46  -0.19  -0.07  
 Se-Sn 0.52  -0.27  0.06  -0.25  -0.10  -0.62  -0.26  
 Sn-Sgn 0.46  0.02  0.17  -0.53  0.46  0.05  -0.24  
Breadth En-En 0.37  -0.12  0.40  0.05  0.36  0.23  0.14  
 Ex-Ex 0.61  0.08  0.52  0.03  -0.04  -0.05  -0.11  
 Zy-Zy 0.71  0.03  0.33  0.46  -0.07  -0.13  0.12  
 Cdl-Cdl 0.77  -0.02  0.17  0.46  0.01  -0.15  0.12  
 Ac-Ac 0.63  -0.08  0.10  0.28  -0.04  0.07  -0.24  
 Chl-Chl 0.63  -0.05  -0.10  0.26  0.07  -0.02  -0.05  
 Go-Go 0.70  -0.12  0.18  0.40  -0.04  -0.05  -0.03  
Depth En(m)-Cdl(m) 0.63  -0.31  0.31  -0.35  -0.38  0.22  0.05  
 Ac(m)-Cdl(m) 0.74  -0.45  0.03  -0.14  -0.36  0.23  0.05  
 Ls-Cdl(m) 0.87  -0.17  -0.05  -0.16  -0.28  0.17  0.03  
 Sgn-Cdl(m) 0.83  0.09  0.02  -0.12  -0.23  0.06  0.17  
 G-RP 0.54  -0.16  -0.58  0.28  0.27  0.33  0.09  
 Se-RP 0.53  -0.22  -0.70  0.05  0.23  0.00  0.28  
 Prn-RP 0.66  0.40  -0.44  -0.13  0.05  -0.21  -0.23  
 Sn-RP 0.42  0.65  -0.33  -0.22  -0.05  -0.18  -0.09  
 Ls-RP 0.33  0.81  0.08  -0.29  -0.06  0.01  0.03  
 Li-RP 0.07  0.84  0.20  -0.27  -0.11  0.04  0.16  
 Sgn-RP 0.00  0.71  0.13  0.12  -0.42  -0.06  0.39  
Angle G-Se-Prn -0.13  -0.37  0.12  -0.34  0.12  -0.54  0.55  
 En-Se-En -0.37  0.18  0.81  0.05  0.00  0.25  -0.18  
 Gonial angle 0.06  -0.04  0.07  -0.32  0.27  0.29  0.18  
 Ac(m)-Se-Prn 0.30  0.70  -0.43  0.06  0.12  0.21  -0.08  
  Cdl-Se-Cdl -0.07  0.36  0.21  0.75  0.26  -0.28  -0.05  
Eigenvalue  7.79 3.80 3.07 2.54 1.78  1.43  1.08  
Contribution 
(%) 
 28.9 14.1 11.4 9.4 6.6  5.3  4.0  
(m): middle point between right and left of the landmarks.  RP: Reference Plane. 
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Table 5. Multiple regression analyses for principal component scores. 
 
  Sex Region Body Height (cm) Body Mass Index 
Constant 
 B β P B β P B β P B β P 
PC1 -2.20 -0.39 1.5E-05 -0.24 -0.043 0.43 0.11 0.32 4.7E-04 0.39 0.34 4.0E-09 -25.97 
PC2 0.11 0.028 0.86 0.34 0.090 0.36 0.012 0.049 0.76 -0.071 -0.090 0.36 -0.71 
PC3 1.49 0.43 2.2E-03 -1.12 -0.32 2.9E-04 0.017 0.075 0.59 0.16 0.23 8.7E-03 -6.43 
PC4 -1.04 -0.33 3.1E-02 0.42 0.13 0.17 -0.060 -0.29 0.056 0.080 0.12 0.19 8.34 
PC5 -1.09 -0.41 7.6E-03 0.077 0.029 0.76 -0.032 -0.19 0.22 -0.11 -0.20 3.5E-02 8.17 
PC6 -0.52 -0.22 0.13 0.71 0.30 1.3E-03 -0.048 -0.31 3.4E-02 -0.014 -0.028 0.75 8.05 
PC7 0.42 0.20 0.18 0.48 0.23 1.6E-02 0.015 0.11 0.45 0.076 0.18 0.060 -4.61 
Sex: Male=0, Female=1. Region: Mainland Japan=0, Okinawa Island=1. B: partial regression coefficient. 
β: standardized partial regression coefficient. Bold: P < 0.05. 
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Table 6. Discriminant analysis of the measurements. 
 
  27 measurements Stepwise 
  Accuracy (%) 
Accuracy (%) 
(Cross-validated) 
Accuracy (%) 
Accuracy (%) 
(Cross-validated) 
Remaining 
independent 
variables  
Male& 
Female 
80.0  70.8  77.5  77.5  
Se-Sn 
G-RP 
Male 91.7  60.0  80.0  80.0  
Se-Sn 
G-RP 
Female 85.0  55.0  70.0  66.7  
Se-Sn 
G-RP 
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Figure legends 
 
Figure 1. Position of the 21 landmarks. Front view (a) and lateral view (b). Fourteen 
bilateral landmarks and seven landmarks on the midline were plotted according to those 
defined by Martin (Knussmann, 1988). 
 
Figure 2. Definition of the 27 measurements used in this study. Heights (a), breadths (b 
and c), and angles (c and d). The reference plane (RP) was defined by the three 
landmarks: the right Ac, the left Ac, and the midentocanthion, En(m) (e). The depths 
and the protrusions of landmarks on the mid-sagittal plane from RP (f). The measured 
values are listed in Table 3. 
 
Figure 3. Loadings of PC1, PC2, and PC3. 
 
Figure 4. Scatter diagrams of the PC scores. PC1 vs PC2 (a) and PC1 vs PC3 (b). A 
cross symbol represents the centroid for each group. Extracted facial images are 
extreme examples for each PC. 
 
Figure 5. Variation in the position of the sellion. Facial features of representative 
individuals with a high PC2 score (a) and a low PC2 score (b). A negative correlation 
was observed between G-Se/G-Sn and Se-RP/G-RP (c). 
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Figure 1. Position of the 21 landmarks. Front view (a) and lateral view (b). Fourteen bilateral landmarks and 
seven landmarks on the midline were plotted according to those defined by Martin (Knussmann, 1988).  
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Figure 2. Definition of the 27 measurements used in this study. Heights (a), breadths (b and c), and angles 
(c and d). The reference plane (RP) was defined by the three landmarks: the right Ac, the left Ac, and the 
midentocanthion, En(m) (e). The depths and protrusion of each landmark on the mid-sagittal plane from RP 
(f). The measured values are listed in Table 3.  
139x193mm (300 x 300 DPI)  
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Figure 3. Loadings of PC1, PC2, and PC3.  
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Figure 4. Scatter diagrams of the PC scores. PC1 vs PC2 (a) and PC1 vs PC3 (b). A cross symbol represents 
the centroid for each group. Extracted facial images are extreme examples for each PC.  
139x194mm (300 x 300 DPI)  
 
 
Page 31 of 32
John Wiley & Sons
American Journal of Human Biology
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
  
 
 
Figure 5. Variation in the position of the sellion. Facial features of representative individuals with a high PC2 
score (a) and a low PC2 score (b). A negative correlation was observed between G-Se/G-Sn and Se-RP/G-RP 
(c).  
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